(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
18 September 2003 (18.09.2003) 




PCT 



nun ii mi ii mi ii i iii iii ii iii 

(10) International Publication Number 

WO 03/076683 Al 



(51) International Patent Classification 7 : C23C 14/34, 

14/56 

(21) International Application Number: PCT/US03/05687 

(22) International Filing Date: 24 February 2003 (24.02.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

10/093,252 



6 March 2002 (06.03.2002) US 



(71) Applicant: APPLIED MATERIALS, INC. [US/US]; 
3050 Bowers Avenue, Santa Clara, CA 95054 (US). 

(72) Inventors: LIU, Alan, B.; 112 East Middlefield Road 
#A, Mountain View, CA 94043 (US). LAVITSKY, Ilya; 



775-5th Avenue #2, San Francisco, CA 94118 (US). 
ROSENSTEIN, Michael; 1601 Heron Avenue, Sunny- 
vale, CA 94087 (US). 

(74) Agents: PATTERSON, B., Todd et al.; Moser, Patterson 
& Sheridan, L.L.P., 3040 Post Oak Boulevard, Suite 1500, 
Houston, TX 77056 (US). 

(81) Designated States (national): CN, JP, KR. 

(84) Designated States (regional): European patent (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, 
IE, IT, LU, MC, NL, PT, SE, SI, SK, TR). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: UNITARY REMOVABLE SHIELD ASSEMBLY 



no 



rn 
O 



130 




(57) Abstract: An apparatus for 
replacing consumables of a vacuum 
chamber. A unitary removable shield 
assembly (100) is provided to quickly 
replace consumables such as a shield 
(145, 150). The shield assembly can 
include an upper adapter assembly 
(110), at least one shield member (145, 
150), a cover ring (155) and an insulator 
member (115). The shield assembly 
is designed so that the consumables 
can be replaced in one step and allows 
the chamber to continue with its 
maintenance cycle. 
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UNITARY REMOVABLE SHIELD ASSEMBLY 

BACKGROUND OF INVENTION 
Field of Invention 

5 [0001] Embodiments of the present invention generally relate to a shield assembly 
for use in a vacuum chamber. 

Description of Related Art 

[0002] In semiconductor processing, particularly physical vapor deposition, a 
vacuum chamber is used to deposit materials onto a surface of a substrate that is 

10 supported by a substrate support member. A target, typically made of materials such 
as titanium, aluminum, or copper mounts on a backing plate located in the upper 
portion of the vacuum chamber that is supplied with an inert gas, such as argon. A DC 
or RF voltage is applied to the target to generate a plasma in an area between the 
substrate and the target to produce ions, which bombard the target, and result in the 

15 sputtering of target material onto the substrate. However, the target material also 
deposits on the chamber walls and chamber components, such as the substrate 
support member, and become a source of contaminants. The target materials can 
build up and eventually flake off and fall onto the substrate, which can create defects in 
the substrate. 

20 [0003] Conventional methods to clean vacuum chambers include wet cleaning 
processes and dry cleaning processes using a cleaning gas to react with the deposits. 
In this method, the deposition process must be discontinued during the cleaning 
process, and additional time is required for the cleaning materials and by-products to 
be evacuated from the chamber before the depositing process can resume. 

25 [0004] Another conventional method includes using sputtering shields coupled to an 
adapter ring to prevent sputtering materials from depositing directly onto the chamber 
wall and other chamber components. A cover ring (shield) can also be provided to 
protect the substrate support surface from the sputtered materials. The shields are 
known as "consumables" and require periodic replacement to remove any buildup on 

30 them. In order to remove conventional sputtering shields from the adapter ring, other 
components, such as the insulators, o-rings, and clamp screws have to be 
disassembled and removed from the vacuum chamber. After the components are 
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disassembled and removed, the used shields are replaced with new shields, and all of 
the components must be reassembled in the correct order and in the correct alignment 
to ensure that the vacuum chamber is vacuum-sealed. Thus, there is a significant 
downtime of the vacuum chamber in order to remove the consumables, replace them, 
5 and reassemble the components. With the frequent disassembly and assembly of the 
components to replace the shields, the screws and the components can rub against 
each other and generate contaminants in the vacuum chamber and cause defects on 
the substrate. 

[0005] Therefore, there is a need for a removable shield assembly that is preferably 
10 easy to remove from the processing chamber, requires less substrate processing 
downtime, and decreases contamination of the chamber. 

SUMMARY OF INVENTION 

[0006] The present invention generally relates to a unitary removable shield 
assembly for use in a semiconductor processing system. The shield assembly can 

15 include an upper adapter assembly, at least one shield member affixed to an upper 
end of the upper adapter assembly, a cover ring detachably positioned on a lower 
portion of the shield member and an insulator member attached to the upper end of the 
upper adapter assembly. The upper adapter assembly may be sized to be received by 
an upper annular wall portion of a vacuum chamber, may be annularly shaped, and 

20 may have at least one shoulder configured to secure at least one shield member. The 
shoulder portion can include at least one nut plate configured to receive shield- 
securing bolts. The insulator member can include an annularly shaped member 
manufactured from an electrically insulative material, an annularly shaped dark space 
shield extending outwardly therefrom, and can be sized to receive a processing target. 

25 The at least one shield member may include an outer shield member and an inner 
shield member concentrically positioned within the outer shield member. The outer 
shield member can be cylindrically shaped and can include a plurality of radially 
positioned apertures formed therethrough. The covering ring may include an annularly 
shaped member having at least one channel formed into an under surface thereof and 

30 the channel configured to receive a flange member extending from the lower portion of 
the at least one shield member. The cover ring can further be configured to engage an 
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outer portion of a substrate support member when the support member is raised into a 
processing position. The upper adapter assembly, the at least one shield member, the 
cover ring, and the insulator member can be configured to be removed from the 
semiconductor processing system as a unitary assembly. 

5 [0007] In another embodiment, the unitary removable shield member can include a 
chamber insulator and an adapter member affixed to and positioned below the 
chamber insulator, an inner shield member affixed to the adapter member and 
extending downwardly therefrom, an outer shield member affixed to the adapter 
member and extending downwardly therefrom, the outer shield member may have at 

10 least one hole formed therein to allow process gases to pass therethrough, and a cover 
ring detachably positioned on a lower portion of at least one of the outer shield member 
and the inner shield member, the cover ring being configured to engage a periphery 
portion of a substrate support member when the support member is moved into a 
processing position. The adapter member can include an annularly shaped member 

15 having at least one shoulder member extending inwardly from an inner wall of the 
adapter member. The shoulder member can also be configured to receive and secure 
at least one of the chamber insulator, the inner shield member, and the outer shield 
member thereto. The inner shield may include a cylindrically shaped shield member 
having an upper flange member extending radially outward therefrom, the upper flange 

20 member being configured to attach to the at least one shoulder member. The outer 
shield member may include a cylindrically shaped shield member having a diameter 
that is greater than a diameter of the inner shield member, the outer shield member 
having an upper flange member extending radially outward therefrom, the upper flange 
member being configured to attach to the at least one shoulder member. The inner 

25 shield member may be configured to cover the at least one hole formed into the outer 
shield member, such that matter deposited onto a substrate positioned within the inner 
shield does not travel through the at least one hole formed into the outer shield. The 
cover ring may include an annularly shaped member having a lower surface configured 
to engage the substrate support member when the substrate support member is 

30 moved into the processing position, and engage a lower portion of at least one of the 
inner shield member and the outer shield member when the substrate support member 
is moved into a non-processing position. The cover ring can further include an annular 

3 
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grove formed into the lower surface, the annular groove being configured to receive a 
lower flange portion of at least one of the inner shield member and the outer shield 
member. The cover ring can also include a shoulder member positioned on an inner 
periphery portion of the cover ring, the shoulder member being annularly shaped and 
5 configured to engage the substrate support member when the substrate support 
member is moved into the processing position. The chamber insulator, the adapter 
member, the inner shield member, the outer shield member, and the cover ring are 
configured to be cooperatively removed from the semiconductor processing system 
with a unitary lift operation. 

10 [0008] In a further embodiment, a physical vapor deposition system is provided and 
can include a processing chamber having a bottom, a sidewall, and a closable lid 
member having a physical vapor deposition target positioned on a lower surface of the 
lid member, a substrate support member positioned in the processing chamber and 
being configured to support a substrate for processing thereon, the substrate support 

15 member being selectively adjustable along a substantially vertical axis; and a unitary 
shield assembly that may include an insulator configured to electrically isolate the 
unitary shield member from electrical potentials in the physical vapor deposition 
system, an adapter member affixed to a lower surface of the insulator, an inner shield 
member affixed to the adapter member and extending downwardly therefrom, an outer 

20 shield member affixed to the adapter member and extending downwardly therefrom, 
the outer shield member being concentrically positioned outwardly from the inner shield 
member; and a cover ring detachably positioned on a lower portion of at least one of 
the outer shield member and the inner shield member, the cover ring being configured 
to engage a periphery portion of the substrate support member when the substrate 

25 support member is moved into a processing position. The outer shield member also 
include at least one hole formed therein, the at least one hole being configured to allow 
a process gas to travel therethrough toward an interior portion of the physical vapor 
deposition system. 

BRIEF DESCRIPTION OF DRAWINGS 

30 [0009] So that the manner in which the above recited embodiments of the present 
invention are attained and can be understood in detail, a more particular description of 
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the invention, briefly summarized above, may be had by reference to the embodiments 
thereof which are illustrated in the appended drawings. It is to be noted, however, that 
the appended drawings illustrate only typical embodiments of this invention, and are 
therefore, not to be considered limiting of its scope, for the invention may admit to other 
5 equally effective embodiments. 

[0010] Figure. 1 is a cross-sectional view of a removal shield assembly disposed in 
a vacuum chamber. 

[0011] Figure 2 is exploded partial cross-section view of the shield assembly. 
[0012] Figure 3 illustrates the shield assembly being removed from the chamber. 

10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

[0013] Figure 1 is a cross-sectional view of a removable shield assembly 100 
disposed in a vacuum chamber 200. The shield assembly 100 can include an upper 
adapter 110 disposed on a wall 130 of a conventional physical vapor deposition 
chamber (PVD chamber) 200. The upper adapter 110 is constructed and arranged to 
15 mate with any vacuum chamber, including the PVD chamber 200, and is secured to the 
wall 130 by bolts or screws (not shown). The upper portion of the chamber 200 
includes a lid 210 that has a target 230 on a backing plate 220. The lower portion of 
the chamber 200 includes a substrate 240 disposed on a substrate support member 
250. 

20 [0014] The shield assembly 100, which is further illustrated in Figure 2, can further 
include a chamber insulator 115 and one or more consumable, such as an outer shield 
145, an inner shield 150, a dark space shield 125, and a cover ring 155. The outer 
shield 145 is designed to shield the chamber wall 130 from the sputtered material. The 
outer shield 145 is generally annular in shape, includes holes 160 to allow process 

25 gases to circulate within the vacuum chamber 200. A flange 147 (See Figure 2) at a 

first end is retained by a clamp ring 180 (See Figure 2), and a flange 142 at a second 

end to receive the cover ring 155. The inner shield 150 is designed to shield the 

chamber wall 130 from the sputtered material during substrate processing and 

prevents sputtered material from traveling through holes 160. The inner shield 150 is 

30 also annular in shape and is typically smaller in diameter and length than the outer 

5 
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shield 145. The dark space shield 125 is annularly shaped and prevents sputtered 
material from being deposited on the backing plate 220. The cover ring 155 protects 
the substrate support member 250 from being covered with sputtered materials during 
substrate processing. Prior to processing, the substrate support member 250 moves 
5 the substrate 240 upwards into a processing position within the inner shield 150. As 
the substrate support member 250 moves upwards, it picks up cover ring 155 from the 
flange 142 and the cover ring 155 remains on the support member 250 during 
processing. After processing, the support member 250 moves down and the flange 
142 captures and holds the cover ring 145 until the next substrate 240 is moved into 
10 the processing position. 

[0015] Figure 2 is an exploded partial cross-section view of the shield assembly 
100. A chamber insulator 115 seats on a shoulder of the upper adapter 110. The dark 
space shield 125 seats on the clamp ring 180. The clamp ring 180 and the clamping 
screws 135 clamp a flange 152 of an inner shield 150 and a flange 147 of an outer 
15 shield 145 onto a nut plate 140 that is secured to the upper adapter 110. The nut plate 
140 can be secured to the upper adapter 110 by screws 137. Although not shown, o- 
rings are also included to seal the different parts of the shield assembly 100 for 
processing in a vacuum. 

[0016] In an alternative embodiment, the shield assembly 100 can include one or 
20 any combination of the inner shield, outer shield, dark space shield, the cover ring or 
any other component that can act as a shield. The shield assembly 100 can be 
designed and constructed to have as many shields as needed to protect the chamber 
200 and its components from the deposits of target material. 

[0017] Figure 3 illustrates the shield assembly 100 being removed from the 
25 chamber 200. The lid 210 moves for easy access to the shield assembly 100. The 
bolts that secure the upper adapter 1 10 to the chamber wall 130 are removed so that 
shield assembly 100 can be removed manually or with a lifting aid. After the shield 
assembly 100 is removed from the vacuum chamber 200, it can quickly be replaced 
with another shield assembly 100. The lid 210 is then closed and sealingly secured by 
30 conventional means against the chamber insulator 115 and the periodic maintenance 
cycle can proceed. While the vacuum chamber 200 proceeds to the next steps of the 
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periodic maintenance cycle such as pump down, bake-out or burn-in, the used shield 
assembly 100 can be disassembled on a near-by workbench, where the shield 
assembly 100 is more economically accessible. The components of the shield 
assembly 100 can be disassembled away from the chamber, whereby any 
5 contaminants that may be produced will not contaminate the vacuum chamber 200. 
Additionally, the consumables such as the inner shield 150, the outer shield 145, the 
cover ring 155, and the dark space shield 125 can be replaced and other components 
of the shield assembly 100 can be maintenance while the chamber 200 is continuing 
with the next step in its maintenance. After the consumables are replaced, the 
10 replacement shield assembly 100 is ready for use in the next periodic maintenance of 
the vacuum chamber 200. 

[0018] By using the shield assembly 100, the chamber 200 is allowed to continue 
with its maintenance while the consumables are replaced, instead of having to wait for 
the consumables to be replaced in the chamber itself. Thus, the maintenance time of 
15 the chamber 200 is decreased and downtime of the chamber is minimized. 
Additionally, because the shield assembly 100 is unitary, many shield assemblies 100 
can be assembled ahead of time and are ready for use. 

[0019] While the foregoing is directed to embodiments of the present invention, 
other and further embodiments of the invention may be devised without departing from 
20 the basic scope thereof, and the scope thereof is determined by the claims that follow. 
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Claims: 

1. A removable shield assembly for a semiconductor processing system, 
comprising: 

an upper adapter assembly; 

at least one shield member affixed at an upper end thereof to the upper adapter 
assembly; 

a cover ring detachably positioned on a lower portion of the at least one shield 
member; and 

an insulator member attached to the upper end of the upper adapter assembly. 

2. The removable shield member of claim 1 , wherein the upper adapter assembly 
is sized to be received by an upper annular wall portion of a vacuum chamber. 

3. The removable shield member of claim 2, wherein the upper adapter assembly 
comprises an annularly shaped member having at least one shoulder portion 
configured to secure the at least one shield member thereto. 

4. The removable shield member of claim 3, wherein the at least one shoulder 
portion further comprises at least one nut plate configured to receive shield securing 
bolts therethrough. 

5. The removable shield member of claim 1, wherein the insulator member 
comprises an annularly shaped member manufactured from an electrically insulative 
material, the annularly shaped member being sized to receive a processing target in an 
interior region thereof. 

6. The removable shield member of claim 5, wherein the insulator member further 
comprises an annularly shaped dark space shield extending outwardly therefrom. 

7. The removable shield member of claim 1, wherein the at least one shield 
member comprises: 

an outer shield member; and 
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an inner shield member concentrically positioned within the outer shield 
member. 

8. The removable shield member of claim 7, wherein the outer shield member is 
5 cylindrical in shape and includes a plurality of radially positioned apertures formed 

therethrough. 

9. The removable shield member of claim 1, wherein the cover ring further 
comprises an annularly shaped member having at least one channel formed into an 

10 under surface thereof, the at least one channel being configured to receive a flange 
member extending from the lower portion of the at least one shield member. 

10. The removable shield member of claim 9, wherein the cover ring is configured to 
engage an outer portion of a substrate support member when the substrate support 

15 member is raised into a processing position. 

1 1 . The removable shield member of claim 1 , wherein the upper adapter assembly, 
the at least one shield member, the cover ring, and the insulator member are 
configured to be cooperatively removed from the semiconductor processing system as 

20 a unitary assembly. < 

12. A unitary removable shield member for a semiconductor processing system, 
comprising: 

a chamber insulator; 

25 an adapter member affixed to the chamber insulator such that the adapter 

member is positioned below the chamber insulator; 

an inner shield member affixed to the adapter member and extending 
downwardly therefrom; 

an outer shield member affixed to the adapter member and extending 
30 downwardly therefrom, the outer shield member having at least one hole formed 
therein to allow process gasses to pass therethrough; and 

a cover ring detachably positioned on a lower portion of at least one of the outer 
shield member and the inner shield member, the cover ring being configured to engage 

9 
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a periphery portion of a substrate support member when the substrate support member 
is moved into a processing position. 

13. The unitary removable shield member of claim 12, wherein the adapter member 
comprises an annularly shaped member having at least one shoulder member 
extending inwardly from an inner wall of the adapter member. 

14. The unitary removable shield member of claim 13, wherein the at least one 
shoulder member is configured to receive and secure at least one of the chamber 
insulator, the inner shield member, and the outer shield member thereto. 

15. The unitary removable shield member of claim 13, wherein the inner shield 
comprises a cylindrically shaped shield member having an upper flange member 
extending radially outward therefrom, the upper flange member being configured to 
attach to the at least one shoulder member. 

16. The unitary removable shield member of claim 13, wherein the outer shield 
member comprises a cylindrically shaped shield member having a diameter that is 
greater than a diameter of the inner shield member, the outer shield member having an 
upper flange member extending radially outward therefrom, the upper flange member 
being configured to attach to the at least one shoulder member. 

17. The unitary removable shield member of claim 12, wherein the inner shield 
member is configured to cover the at least one hole formed into the outer shield 
member, such that matter deposited onto a substrate positioned within the inner shield 
does not travel through the at least one hole formed into the outer shield. 

18. The unitary removable shield member of claim 12, wherein the cover ring 
comprises an annularly shaped member having a lower surface configured to engage 
the substrate support member when the substrate support member is moved into the 
processing position and to engage a lower portion of at least one of the inner shield 
member and the outer shield member when the substrate support member is moved 
into a non-processing position. 
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19. The unitary removable shield member of claim 18, wherein the cover ring 
includes an annular grove formed into the lower surface, the annular groove being 
configured to receive a lower flange portion of at least one of the inner shield member 
and the outer shield member. 

20. The unitary removable shield member of claim 18, wherein the cover ring 
includes a shoulder member positioned on an inner periphery portion of the cover ring, 
the shoulder member being annularly shaped and configured to engage the substrate 
support member when the substrate support member is moved into the processing 
position. 

21. The unitary removable shield member of claim 12, wherein the chamber 
insulator, the adapter member, the inner shield member, the outer shield member, and 
the cover ring are configured to be cooperatively removed from the semiconductor 
processing system with a unitary lift operation. 

22. A physical vapor deposition system, comprising: 

a processing chamber having a bottom, a sidewall, and a closable lid member 
having a physical vapor deposition target positioned on a lower surface of the lid 
member; 

a substrate support member positioned in the processing chamber and being 
configured to support a substrate for processing thereon, the substrate support 
member being selectively adjustable along a substantially vertical axis; and 
a unitary shield assembly, comprising: 

an insulator configured to electrically isolate the unitary shield member 
from electrical potentials in the physical vapor deposition system; 

an adapter member affixed to a lower surface of the insulator; 
an inner shield member affixed to the adapter member and extending 
downwardly therefrom; 

an outer shield member affixed to the adapter member and extending 
downwardly therefrom, the outer shield member being concentrically positioned 
outwardly from the inner shield member; and 



11 



WO 03/076683 



PCT/US03/05687 



a cover ring detachably positioned on a lower portion of at least one of 
the outer shield member and the inner shield member, the cover ring being 
configured to engage a periphery portion of the substrate support member when 
the substrate support member is moved into a processing position. 

23. The physical vapor deposition system of claim 22, wherein the outer shield 
member includes at least one hole formed therein, the at least one hole being 
configured to allow a process gas to travel therethrough toward an interior portion of 
the physical vapor deposition system. 
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